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SUMMARY 
The use o f  bromine t o  improve t h e  i n t e r l a m i n a r  shear s t r e n g t h  o f  
PAN-based carbon f i b e r s  was i n v e s t i g a t e d .  Composite t e s t  specimens f a b r i c a t e d  
from brominated T-300 f i b e r s  and a MY720 m a t r i x  e x h i b i t e d ,  on average, a 30 
p e r c e n t  improvement i n  I L S S  o v e r  t h e i r  p r i s t i n e  c o u n t e r p a r t s .  Mass, e l e c t r i -  
c a l  r e s i s t i v i t y ,  d e n s i t y ,  c o n t a c t  ang le ,  and scanning Auger mic roscopy  r e s u l t s  
between f i b e r  and m a t r i x .  
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suggested a mechanism i n  which t h e  bromine was c o v a l e n t l y  bonded t o  t h e  su r -  




The i n t e r l a m i n a r  shear s t r e n g t h  ( ILSS) of a composi te i s  de te rm ined  p r i -  
m a r i l y  by t h e  i n t e r f a c i a l  bond ing  between t h e  r e i n f o r c i n g  f i b e r  and m a t r i x  
m a t e r i a l  ( r e f .  1 ) .  Hence s u r f a c e  c h e m i s t r y  and morphology o f  t h e  carbon 
f i b e r s  p l a y  an i m p o r t a n t  ro le  i n  d e t e r m i n i n g  t h e  mechanical  c h a r a c t e r i s t i c s  of 
t h e  composi te.  For example, smal l  changes i n  t h e  s u r f a c e  of  t h e  f i b e r  can 
have a d ramat i c  e f f e c t  on ILSS. Severa l  t echn iques  a r e  c u r r e n t l y  a v a i l a b l e  
for i m p r o v i n g  the  ILSS of a compos i te ,  such as w e t  o x i d a t i o n ,  d ry  o x i d a t i o n ,  
v a r i o u s  s u r f a c e  c o a t i n g s ,  and w h i s k e r i z i n g  w i t h  s i l i c o n  c a r b i d e  ( r e f .  2 ) .  The 
h a l o g e n a t i o n  t r e a t m e n t  d e s c r i b e d  here i s  a new a l t e r n a t i v e  for i m p r o v i n g  t h e  
ILSS o f  c e r t a i n  composi tes.  
P rev ious  work w i t h  p i t ch -based  carbon f i b e r - e p o x y  composi tes has shown 
t h a t  t h e  ILSS was improved by r e a c t i n g  t h e  f i b e r s  w i t h  bromine vapor  p r i o r  t o  
composi te f a b r i c a t i o n  ( r e f .  3 ) .  To encourage w idespread a p p l i c a t i o n ,  t h i s  
techn ique  o f  ILSS improvement must be u s e f u l  on t h e  more f r e q u e n t l y  used 
PAN-based f i b e r s .  A s  a r e s u l t ,  ILSS t e s t i n g  o f  b romina ted  T-300 and AS-4 
f i b e r s  was i n i t i a t e d .  P r i s t i n e  and brominated f i b e r s  w e r e  s u b j e c t e d  t o  a 
s e r i e s  o f  t e s t s  i n c l u d i n g  r e s i s t i v i t y ,  d e n s i t y ,  c o n t a c t  ang le  measurements, 
and d i f f e r e n t i a l  scanning c a l o r i m e t r y .  I n  a d d i t i o n  t o  ILSS t e s t i n g  o f  un iax -  
i a l  composi tes,  s e l e c t e d  composi tes were  s u b j e c t e d  t o  a d d i t i o n a l  t e s t i n g ,  such 
as d e n s i t y  and scanning Auger microscopy.  A p o s s i b l e  mechanism i s  proposed t o  
e x p l a i n  t h e  improved ILSS, based on s i n g l e  f i b e r  and composi te  t e s t  r e s u l t s .  
F i n a l l y ,  t h e  b r o m i n a t i o n  techn ique  i s  compared t o  o t h e r  techn iques  used t o  
i mprove I LSS . 
MATERIALS AND METHODS 
Amoco T-300 carbon f i b e r s  and Hercu les  AS-4 carbon f i b e r s  were used 
th roughout  t h i s  s tudy .  These f i b e r s  were chosen because o f  t h e i r  w idespread 
acceptence and use i n  t h e  aerospace community. The as - rece ived  T-300 f i b e r s  
were f r e e  o f  s i z i n g  whereas t h e  AS-4 f i b e r s  had a p r o p r i e t a r y  s u r f a c e  t r e a t -  
ment. B r o m i n a t i o n  o f  these f i b e r s  was accompl ished b y  w i n d i n g  a p p r o x i m a t e l y  
100 g o f  f i b e r s  o n t o  a g l a s s  mandrel and p l a c i n g  i t  i n  an a l l - g l a s s  r e a c t i o n  
k e t t l e .  A smal l  poo l  of b romine l i q u i d  a t  t h e  bo t tom of t h e  k e t t l e  was used 
as a source o f  bromine vapor .  The f i b e r s  were k e p t  i n  t h e  bromine vapor  f o r  
approx ima te l y  t h r e e  days. 
seve ra l  days u n t i l  bromine loss  subs ided.  
Upon remova l ,  t h e  f i b e r s  were a l l o w e d  t o  degas f o r  
U n i a x i a l  composi tes were made from these  f i b e r s  and t h r e e  d i f f e r e n t  
m a t r i x e s ,  two epox ies  (MY720 and 934 e p o x i e s )  and one p o l y i m i d e  (PMR-15). 
T h i r t y  ILSS samples were c u t  from each compos i te  t e s t  pane l  t o  y i e l d  a s t a t i s -  
t i c a l l y  l a r g e  sample l o t .  The I L S S  o f  each sample was c a l c u l a t e d  from 
b r e a k i n g  s t r e n g t h  d a t a  o b t a i n e d  a c c o r d i n g  t o  ASTM D 2344, u s i n g  a t h r e e - p o i n t  
I n s t r o n  t e s t i n g  machine ( r e f .  4 ) .  A l l  t e s t s  were per fo rmed a t  room 
tempera ture .  
S i n g l e  f i b e r  r e s i s t i v i t y  d a t a  were o b t a i n e d  on  each f i b e r  t y p e  u s i n g  a 
f o u r - p o i n t  measurement. A K e i t h l e y  model 225 c o n s t a n t  c u r r e n t  source  was used 
t o  supp ly  c u r r e n t  t o  t h e  o u t e r  two l e a d s  o f  t h e  f i b e r  w h i l e  a K e i t h l e y  model 
181 nanovo l tme te r  was used t o  measure t h e  v o l t a g e  d r o p  ac ross  t h e  i n n e r  two 
leads  o f  t h e  f i b e r .  
e l e c t r o n  mic roscopy .  
The d iamete r  o f  each f i b e r  was o b t a i n e d  b y  scann ing  
S i n g l e  f i b e r  d e n s i t y  d a t a  were o b t a i n e d  on  each f i b e r  t y p e  u s i n g  a 
d e n s i t y  g r a d i e n t  column made from r e a g e n t  g rade bromoform and carbon t e t r a c h l o -  
r i d e .  G lass  d e n s i t y  s tandards  were used t o  c a l i b r a t e  each column, and a 
second degree po lynomia l  c u r v e  f i t t i n g  r o u t i n e  was used t o  genera te  a s tandard  
cu rve .  F i b e r  d e n s i t y  va lues  were found  t h r o u g h  i n t e r p o l a t i o n .  
S i n g l e  f i b e r  c o n t a c t  ang le  d a t a  were o b t a i n e d  u s i n g  a m o d i f i c a t i o n  o f  t h e  
Wi lhelmy p l a t e  techn ique  ( r e f .  5 ) .  I n  t h e  s o - c a l l e d  m ic ro -Wi lhe lmy  method, a 
s i n g l e  f i b e r  i s  mounted on  one arm o f  an e l e c t r o b a l a n c e  and t h e  f i b e r  i s  
d ipped i n t o  and o u t  o f  a l i q u i d .  D i s t i l l e d  wa te r  was used i n  t h i s  case. The 
fo rce  r e q u i r e d  t o  p u l l  t h e  f i b e r  o u t  o f  t h e  l i q u i d ,  t h e  c i r c u m f e r e n c e  o f  t h e  
f i b e r ,  and t h e  sur face  t e n s i o n  o f  t h e  l i q u i d  were used t o  c a l c u l a t e  t h e  c o n t a c t  
ang le .  
Scanning Auger mic roscopy  was used t o  de te rm ine  t h e  bromine c o n c e n t r a t i o n  
across  t h e  d iamete r  o f  t h e  f i b e r .  S p e c i f i c a l l y ,  t h e  c o n c e n t r a t i o n  was meas- 
u red  a t  t h e  edges and i n  t h e  m i d d l e  o f  a f i b e r  embedded i n  a MY-720 epoxy 
m a t r i x  ( r e f .  6 ) .  Care was taken  t o  p o l i s h  one end o f  t h e  compos i te  specimen 
normal t o  t h e  f i b e r  a x i s  by  g r i n d i n g  w i t h  v a r i o u s  s i l i c o n  c a r b i d e  a b r a s i v e  
papers as w e l l  as coarse  and f i n e  a lum ina  s l u r r i e s .  The e l e c t r o n  beam used 
for t h e  a n a l y s i s  was a p p r o x i m a t e l y  0.5 pm i n  d iamete r  (app rox .  7 p e r c e n t  o f  
t h e  f i b e r  d i a m e t e r ) .  
Composite d e n s i t i e s  w e r e  de termined g e o m e t r i c a l l y  b y  c u t t i n g ,  measur ing ,  
and we igh ing  smal l  composi te samples from t h e  ends o f  those  samples a l r e a d y  
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t e s t e d  f o r  ILSS. I n  t h i s  way, i t  was p o s s i b l e  t o  compare s p e c i f i c  compos i te  
d e n s i t y  va lues  w i t h  s p e c i f i c  ILSS v a l u e s .  
RESULTS AND DISCUSSION 
The i n t e r l a m i n a r  shear s t r e n g t h  d a t a  from t h e  T-300-MY720 system a r e  
summarized i n  t h e  h i s tog rams  shown i n  f i g u r e  1 .  A s  can be seen, t h e  b romina ted  
samples e x h i b i t  a g r e a t e r  ILSS than  t h e i r  p r i s t i n e  c o u n t e r p a r t s ,  w i t h  an 
average improvement o f  about  30 p e r c e n t  (10.021.4 ks i  ve rsus  7.650.7 k s i ,  
r e s p e c t i v e l y ) .  The ILSS o f  t h e  T-300-934 s y s t e m  i s  summarized by t h e  h i s t o -  
grams i n  f i g u r e  2. I n  t h i s  case, b r o m i n a t i o n  caused no  s i g n i f i c a n t  change i n  
t h e  ILLS o f  t h e  934 epoxy s y s t e m  (13.821.3 k s i  versus  14.451.9 k s i ,  respec-  
t i v e l y ) .  The r e s u l t s  from t h e  p o l y i m i d e  samples, summarized i n  f i g u r e  3, show 
a marked decrease i n  ILSS (3 .550.3  k s i  ve rsus  17.251.4 k s i ) .  A p p a r e n t l y ,  t h e  
b r o m i n a t i o n  techn ique  d e s c r i b e d  he re  i s  o n l y  u s e f u l  on s p e c i f i c  m a t r i x  
m a t e r i a l s  and n o t  u n i v e r s a l  i n  n a t u r e .  
The l a r g e  spread i n  t h e  ILSS d a t a  for t h e  b romina ted  T-300 compos i te  
samples prompted f u r t h e r  i n v e s t i g a t i o n .  The d e n s i t y  o f  these p a r t i c u l a r  com- 
p o s i t e  samples was measured t o  see i f  t h e  spread i n  t h e  ILSS d a t a  was due t o  
inhomogene i ty  i n  t h e  f i b e r  f i l l  f r a c t i o n .  The d e n s i t y  o f  each sample was mea- 
sured  and p l o t t e d  a g a i n s t  ILSS, and t h e  r e s u l t s  a r e  shown i n  f i g u r e  4. The 
compos i te  d e n s i t y  d i s t r i b u t i o n  was q u i t e  nar row compared t o  t h e  ILSS d i s t r i b u -  
t i o n ,  and t h e r e  was no apparen t  c o r r e l a t i o n  between compos i te  d e n s i t y  and 
ILSS. Hence, t h e  l a r g e  spread i n  t h e  ILSS d a t a  cannot  be a t t r i b u t e d  t o  g ross  
inhomogene i ty  i n  t h e  compos i te  samples. 
Improvements i n  t h e  i n t e r l a m i n a r  shear s t r e n g t h  o f  carbon f i b e r - e p o x y  com- 
p o s i t e s  can be ach ieved  t h r o u g h  a number o f  mechanisms ( r e f .  5). The presence 
o f  o x i d e s  ( such  as -OH, -COOH, and X = O )  on t h e  s u r f a c e  o f  t h e  f i b e r  r e s u l t s  
i n  i n c r e a s e d  hydrogen bond ing  w i t h  t h e  amine hardener  o f  t h e  m a t r i x .  L i k e -  
w i s e ,  t h e  presence o f  p o l a r  groups on t h e  s u r f a c e  o f  t h e  f i b e r  can i n c r e a s e  
t h e  van d e r  Waals adhes ion  between f i b e r  and m a t r i x ,  wh ich  can a l s o  improve 
ILSS. Another  method t o  improve ILSS i s  t h r o u g h  i n c r e a s i n g  t h e  s u r f a c e  a r e a  
o f  t h e  f i b e r ,  wh ich  causes improved mechanical  i n t e r l o c k i n g  o f  f i b e r  and 
m a t r i x .  I n  an e f f o r t  t o  unders tand  t h e  mechanism r e s p o n s i b l e  f o r  t h e  improved 
I L S S  of t h e  b romina ted  T-300-MY720 epoxy system, s e v e r a l  t e s t s  were pe r fo rmed  
on t h e  b romina ted  f i b e r s  used t o  make t h e  compos i te .  These i n c l u d e d  r e s i s t i v -  
i t y ,  d e n s i t y ,  and c o n t a c t  a n g l e  measurements on s i n g l e  f i b e r s  as w e l l  as scan- 
n i n g  Auger m ic roscopy  on f i b e r s  embedded i n  t h e  compos i te .  
A s  shown i n  f i g u r e  5 ,  t h e  mass o f  bromine decreases s l i g h t l y  w i th  t i m e  
a f t e r  t h e  f i b e r s  a r e  removed from t h e  bromine env i ronmen t .  The amount o f  b ro-  
mine i s  n e a r l y  8 . 3  p e r c e n t  i n i t i a l l y ,  b u t  a s y m p t o t i c a l l y  approaches a v a l u e  o f  
abou t  7 .7  p e r c e n t  a f t e r  a p p r o x i m a t e l y  25  days .  A l though  t h i s  i n d i c a t e s  t h a t  
some p o r t i o n  of t h e  bromine r e a c t s  w i t h  t h e  f i b e r s ,  i t  does n o t  r e v e a l  t h e  
t y p e  o f  r e a c t i o n .  The bromine may be e i t h e r  i n t e r c a l a t e d ,  c o v a l e n t l y  bonded, 
or adsorbed. One measure o f  i n t e r c a l a t e d  bromine i s  t h e  presence o f  an endo- 
t h e r m i c  phase change a t  t h e  two-dimensional  m e l t i n g  p o i n t  o f  100 "C, as 
observed by d i f f e r e n t i a l  scann ing  c a l o r i m e t r y  ( r e f .  7 ) .  However, no  such 
phase change was observed i n  t h e  b romina ted  T-300 f i b e r  system. The p o s s i b i l -  
i t y  o f  bromine i n t e r c a l a t i o n  can be r u l e d  o u t  based on t h i s  o b s e r v a t i o n  and 
t h e  r e s i s t i v i t y  d a t a  p resen ted  below. 
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I f  t h e  bromine was i n t e r c a l a t e d  t h e r e  would be a r e d u c t i o n  i n  t h e  e l e c t r i -  
c a l  r e s i s t i v i t y  o f  t h e  f i b e r s .  However, t h e  e l e c t r i c a l  r e s i s t i v i t y  d a t a  shown 
i n  f i g u r e  6 r e v e a l  t h a t  t h e  b romina ted  f i b e r s  have a s l i g h t l y  g r e a t e r  e l e c t r i -  
c a l  r e s i s t i v i t y  t han  t h e i r  p r i s t i n e  c o u n t e r p a r t  (2600 pohm-cm versus 1800 
pohm-cm, r e s p e c t i v e l y ) ,  s u g g e s t i n g  t h a t  t h e  bromine i n  these f i b e r s  i s  cova- 
l e n t l y  bonded t o  t h e  carbon l a t t i c e .  The same t r e n d  was observed i n  a d i f f e r -  
e n t  s e t  o f  p r i s t i n e  and b romina ted  T-300 f i b e r  da ta .  
causes a d d i t i o n a l  s c a t t e r i n g  of t h e  charge c a r r i e r s  which i nc reases  t h e  e l e c -  
t r i c a l  r e s i s t i v i t y .  
Such c o v a l e n t  bonding 
The d iamete rs  o f  t h e  f i b e r s  used t o  de te rm ine  e l e c t r i c a l  r e s i s t i v i t y  a r e  
summarized i n  f i g u r e  7 .  The average f i b e r  d iamete r  i nc reases  from 7.2+0.5 pm 
t o  7.620.6 pm a f t e r  b r o m i n a t i o n .  A l though  t h i s  s h i f t  i s  smal l  comparea t o  t h e  
r e p o r t e d  s tandard  d e v i a t i o n ,  a s i m i l a r  s h i f t  was observed i n  ano the r  s e t  o f  
p r i s t i n e  and brominated T-300 f i b e r  d a t a .  Hence, t h e  brominated f i b e r s  have a 
c ross  s e c t i o n a l  a rea  about  10 p e r c e n t  g r e a t e r  t han  t h e i r  p r i s t i n e  c o u n t e r p a r t .  
The d e n s i t y  d a t a  shown i n  f i g u r e  8 r e v e a l  t h a t  t h e r e  i s  l i t t l e  change i n  
t h e  d e n s i t y  o f  t h e  b romina ted  T-300 f i b e r s  compared t o  t h e i r  p r i s t i n e  c o u n t e r -  
p a r t .  T h i s  r e s u l t  i s  c o n s i s t e n t  w i t h  t h e  mass d a t a  and t h e  f i b e r  d iamete r  
d a t a  p resen ted  above. Both mass and volume i n c r e a s e  by about  10 p e r c e n t  
l e a v i n g  no change i n  t h e  d e n s i t y .  
The w e t t i n g  b e h a v i o r  o f  t h r e e  p r i s t i n e  and t h r e e  b romina ted  T-300 f i b e r s  
was measured u s i n g  t h e  m ic ro -Wi lhe lmy  techn ique .  P r e l i m i n a r y  c o n t a c t  ang le  
r e s u l t s  i n d i c a t e  t h a t  t h e  w e t t i n g  b e h a v i o r  o f  t h e  brominated f i b e r s  was s i m i -  
l a r  t o  t h e  p r i s t i n e  f i b e r s  (42'26" versus 44"+3", r e s p e c t i v e l y )  when u s i n g  d i s -  
t i l l e d  wa te r  as t h e  w e t t i n g  agen t .  
Bromine c o n c e n t r a t i o n  a t  t h e  edge and i n  t h e  c e n t e r  of a T-300 f i b e r  
embedded i n  a MY720 epoxy m a t r i x  was de termined by scanning Auger m ic roscopy .  
SAM a n a l y s i s  r e v e a l e d  t h a t  t h e r e  was a bromine c o n c e n t r a t i o n  o f  5 a t  % a t  t h e  
s u r f a c e  o f  t h e  f i b e r ,  d i m i n i s h i n g  t o  an u n d e t e c t a b l e  amount i n s i d e  t h e  f i b e r .  
These measurements were taken  normal t o  t h e  f i b e r  a x i s .  
Combining a l l  o f  t h i s  i n f o r m a t i o n ,  a p o s s i b l e  mechanism may be proposed. 
The bromine r e a c t s  w i t h  t h e  carbon f i b e r  such t h a t  most o f  t h e  bromine r e s i d e s  
on t h e  s u r f a c e  o f  t h e  f i b e r .  The bromine i s  c o v a l e n t l y  bonded t o  t h e  carbon 
a t  or near t h e  s u r f a c e ,  and c r e a t e s  an i nc reased  van der  Waal 's  adhes ion  
between t h e  T-300 f i b e r s  and t h e  MY720 m a t r i x .  
A s i m i l a r  s u i t e  o f  d a t a  was c o l l e c t e d  f o r  AS-4 f i b e r s .  However, t h e  AS-4 
f i b e r s  d i d  n o t  have much bromine mass uptake,  d i d  n o t  i n d i c a t e  any s i g n i f i c a n t  
change i n  r e s i s t i v i t y  a f t e r  b r o m i n a t i o n ,  and d i d  n o t  i m p a r t  a marked i n c r e a s e  
t o  composi te ILSS. The AS-4 f i b e r s  d i d  n o t  e x h i b i t  s i m i l a r  r e s u l t s  because 
t h e y  had been p r e t r e a t e d  w i t h  a p r o p r i e t a r y  s i z i n g  by t h e  m a n u f a c t u r e r .  
e n t l y ,  a l l  o f  t h e  s u r f a c e  a c t i v e  s i t e s  w e r e  a l r e a d y  occup ied  by t h e  manufac- 
t u r e r ' s  p r o p r i e t a r y  s i z i n g  and very l i t t l e  bromine was a b l e  t o  r e a c t  w i t h  t h e  
f i ber  s u r f a c e .  
Appar- 
F i n a l l y ,  i t  seems a p p r o p r i a t e  t o  compare t h i s  techn ique  o f  i m p r o v i n g  ILSS 
w i t h  o t h e r  techn iques  ( r e f .  5 ) .  Wet o x i d a t i o n  techn iques ,  such as t r e a t m e n t  
i n  b o i l i n g  n i t r i c  a c i d ,  y i e l d s  an improvement i n  ILSS o f  between 25 t o  200 
p e r c e n t .  However, t r e a t e d  f i b e r s  suf fer  from we igh t  loss and reduced t e n s i l e  
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s t r e n g t h .  Dry o x i d a t i o n  techn iques ,  such as o x i d a t i o n  i n  a i r  a t  400 t o  500 "C, 
r e s u l t  i n  45 t o  65 p e r c e n t  improvement i n  ILSS. 
techn ique  o f t e n  su f fe rs  from e t c h  p i t  f o r m a t i o n  which weakens t h e  f i b e r .  
W h i s k e r i z i n g  w i t h  s i l i c o n  c a r b i d e  i nc reases  t h e  ILSS of compos i tes  by 200 t o  
400 p e r c e n t ,  b u t  t h i s  t e c h n i q u e  i s  p r o h i b i t i v e l y  expens ive .  Hence, t h e  
b r o m i n a t i o n  techn ique  d e s c r i b e d  i n  t h i s  paper f a l l s  s h o r t  of o t h e r  techn iques  
f o r  improv ing  ILSS, b u t  i t  may be u s e f u l  i n  s p e c i f i c  cases where o t h e r  t r e a t -  
ments a r e  u n d e s i r a b l e  f o r  p r i c e ,  p r o c e s s i n g ,  or o t h e r  performance reasons .  
O the r  halogens such as c h l o r i n e  and i o d i n e  c h l o r i d e  may have t h e  p o t e n t i a l  f o r  
improv ing  ILSS. 
However, t h i s  p a r t i c u l a r  
CONCLUSIONS 
Ha logena t ion  of carbon f i b e r s  w i t h  bromine r e s u l t s  i n  improved ILSS, 
depending on  t h e  t y p e  o f  f i b e r  and m a t r i x  used. O f  t h e  f i b e r s  and m a t r i x e s  
t e s t e d ,  b romina ted  T-300 f i b e r s  i n  a MY720 epoxy m a t r i x  o f f e r e d  t h e  most f a v o r -  
a b l e  r e s u l t s ,  w h i l e  b romina ted  T-300 f i b e r s  i n  a 934 epoxy m a t r i x  or b romina ted  
T-300 f i b e r s  i n  a PMR-15 p o l y i m i d e  m a t r i x  o f f e r e d  l i t t l e  or no  improvement t o  
ILSS. The T-300 f i b e r s  used i n  t h e  ILSS t e s t i n g  c o n t a i n e d  7.7 p e r c e n t  bromine 
by w e i g h t  and most of t h i s  bromine was c o v a l e n t l y  bonded t o  t h e  s u r f a c e  o f  t h e  
f i b e r s ,  as i n d i c a t e d  by e l e c t r i c a l  r e s i s t i v i t y  and scann ing  Auger m ic roscopy  
r e s u l t s .  L i k e w i s e ,  t h e  volume o f  t h e  T-300 f i b e r s  i n c r e a s e d  by about  10 pe r -  
c e n t  upon b r o m i n a t i o n  l e a v i n g  no change i n  t h e i r  observed d e n s i t y .  M ic ro -  
Wi lhe lmy c o n t a c t  a n g l e  measurements u s i n g  wa te r  as a w e t t i n g  agent  r e v e a l e d  
l i t t l e  change i n  t h e  w e t t i n g  b e h a v i o r  o f  t h e  brominated  f i b e r s  compared t o  
t h e i r  p r i s t i n e  c o u n t e r p a r t .  One e x p l a n a t i o n  f o r  t h e  observed improvements i n  
ILSS may be an i n c r e a s e d  van d e r  Waal 's adhes ion  between f i b e r  and m a t r i x  as a 
r e s u l t  o f  bromine on t h e  sur face  o f  t h e  f i b e r .  
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